Wnt and hedgehog signaling pathways in bone development.
Cell-cell signaling is a major strategy that vertebrate embryos employ to coordinately control cell proliferation, differentiation, and survival in many developmental processes. Similar cell signaling pathways also control adult tissue regeneration and repair. We demonstrated in the developing skeletal system that the Wnt/beta-catenin signaling controls the differentiation of progenitor cells into either osteoblasts or chondrocytes. Genetic ablation of beta-catenin in the developing mouse embryo resulted in ectopic formation of chondrocytes at the expense of osteoblast differentiation during both intramembranous and endochondral ossification. Conversely, ectopic upregulation of the canonical Wnt signaling led to suppression of chondrocyte formation and enhanced ossification. As other signaling pathways also play critical roles in controlling skeletal development, to gain a full picture of the molecular regulatory network of skeletal development, we investigated how the Wnt/beta-catenin signaling is integrated with Indian hedgehog (Ihh) signaling in controlling various aspects of skeletal development. We found that Wnt signaling acts downstream of Ihh signaling and is required in osteoblasts after Osterix expression to promote osteoblast maturation during endochondral bone formation. Since similar controlling mechanisms of osteoblast proliferation and differentiation may be employed by adult mesenchymal progenitor cells during fracture repair, these studies suggest that, to enhance fracture repair or bone formation, Ihh signaling needs to be enhanced at early stages, whereas Wnt signaling should be upregulated slightly later in differentiated osteoblasts.